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BEFORE THE PUBLIC UTILITIES COMMISSION 
OF THE STATE OF CALIFORNIA 

In The Matter of the Application of SAN DIEGO GAS 
& ELECTRIC COMPANY (U902E) for a Certificate of 
Public Convenience and Necessity for the South Orange 
County Reliability Enhancement Project 

                 A. 12-05-020 
          (Filed May 18, 2012) 

NOTICE OF ORAL AND WRITTEN  EX PARTE COMMUNICATION 

Pursuant to Rule 8.3 of the Commission’s Rules of Practice and Procedure, the City of 

San Juan Capistrano (the City) submits this Notice of Oral and Written Ex Parte Communication. 

On April 19, 2016, Dr. Dariush Shirmohammadi of Shir Consultants, consultant to the 

City, and Jeanne Armstrong of Goodin MacBride Squeri &Day, outside counsel to the City, met 

with  Christine Hammond, Chief of Staff to Commissioner Michael Picker, at the Commission’s 

San Francisco offices.  The meeting, which was initiated by the City, lasted approximately 45 

minutes. 

Ms. Armstrong spoke about how San Diego Gas & Electric Company’s proposed project 

alternative was addressing a bulk transmission need which does not exist and how the alternative 

supported by the City - upgrading the Rancho Mission Viejo Substation (Alternative F) -  will 

address the reliability objectives of the project. Dr. Shirmohammadi addressed each of the 

alleged reliability concerns regarding Alternative F that have been raised in testimony by the 

California Independent System Operator, illustrating how each of those concerns could be 

addressed within WECC - NERC Reliability Standards.  For purposes of his explanation, Dr. 

Shirmohammadi utilized some schematics which are appended to this notice.  In addition, on 

April 20, 2016, Ms. Armstrong transmitted to Ms. Hammond via e-mail a copy of the WECC-
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NERC Reliability Standards. A copy of the standards and the e-mail transmittal are appended to 

this notice.

For a copy of this notice please contact Wendy Peña at 415-392-7900 or 

wpena@goodinmacbride.com.

Respectfully submitted this April 21, 2016 at San Francisco, California. 

GOODIN, MACBRIDE,  
SQUERI & DAY, LLP 
Jeanne B. Armstrong 
505 Sansome Street, Suite 900 
San Francisco, California  94111 
Telephone:  (415) 392-7900 
Facsimile:  (415) 398-4321 
Email:  jarmstrong@goodinmacbride.com

             By      /s/Jeanne B. Armstrong    
           Jeanne B. Armstrong  

Attorneys for the City of San Juan Capistrano 

3638/001/X181322.v1
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CAISO Reliability
Concerns with SJC
Alternative F



RMV 230 kV Bus
(Alternative F)

CAISO Contingencies 1 &2:
Category C loss of two lines
sharing a single tower

Chance of occurrence:
~0.000003%

Consequence: ~10% overload
on a single line (~1 mile)
between Talega and Pico subs

Solution: Controlled load
drop (allowed per
NERC/WECC reliability
standards) – no possibility of
cascading to bulk system

This overload may be simply
avoided if the original SOC
transmission loop without the
latest tap configuration was
used.



RMV 230 kV Bus
(Alternative F)

CAISO Contingency 3:
Category C loss of two
geographically separate lines

Chance of occurrence:
~0.00000000006%

Consequence: ~8% overload
on part of a single line (~8
miles) between the tap point
and Laguna Niguel Sub

Solution: Controlled load
drop (allowed per
NERC/WECC reliability
standards) – no possibility of
cascading to bulk system



RMV 230 kV Bus
(Alternative F)

CAISO Contingency 4:
Category C loss of two
geographically separate lines
(effectively the same as
Contingency 3)

Chance of occurrence:
~0.00000000008%

Consequence: ~1% overload
on part of a single line (~8
miles) between the tap point
and Laguna Niguel Sub

Solution: Controlled load
drop (allowed per
NERC/WECC reliability
standards) – no possibility of
cascading to bulk system



RMV 230 kV Bus
(Alternative F)

CAISO Contingency 5:
Category C loss of two
geographically separate lines

Chance of occurrence:
~0.00000000004%

Consequence: ~.4 % overload
on fraction of a single line (a
few hundred feet) between
Talega and tap point

Solution: No solution
necessary given the size of
overload and length of the line



RMV 230 kV Bus
(Alternative F)

CAISO Contingency 6:
Category “X” (Category D
outage the entire Talega 138
kV switchyard plus a stuck
breaker – itself a Category B
outage)

Chance of occurrence: 0.00%

Consequence: Partial loss of
SOC load

Solution: No solution
necessary for such totally
non credible contingency
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WPena

From: JArmstrong
Sent: Wednesday, April 20, 2016 3:17 PM
To: 'Hammond, Christine J.'
Subject: WECC- NERC Reliability Standards
Attachments: WECC-NERC Reliability Standards.pdf

Christine

Thank you for meeting with Dariush and me yesterday. I have attached hereto the WECC NERC Reliability standards
which we were discussing. If you note, pages XI 28 and XI 29 have been highlighted. These pages focus on the types of
situations (contingencies) which allow for dropping load.

I will include this in my ex parte notice.

Jeanne

Jeanne B. Armstrong
tel 415.392.7900 | fax 415.398.4321  
505 Sansome Street, Suite 900 | San Francisco, CA 94111  
jarmstrong@goodinmacbride.com
vCard | www.goodinmacbride.com

This communication constitutes an electronic communication within the meaning of the Electronic Communications Privacy Act, 18 USC 2510, and its 
disclosure is strictly limited to the recipient intended by the sender of this message. This communication may contain confidential and privileged material 
for the sole use of the intended recipient and receipt by anyone other than the intended recipient does not constitute a loss of the confidential or 
privileged nature of the communication. Any review or distribution by others is strictly prohibited. If you are not the intended recipient please contact the 
sender by return electronic mail and delete all copies of this communication. 
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NERC/WECC Planning Standards 
Preface and Foreword

Preface

This document merges the WECC Planning Standards into the NERC Planning Standards.  The 
WECC Planning Standards are indicated in italic and are preceded by headings WECC-S, 
WECC-M, or WECC-G, depending upon whether the differences are Standards, Measures or 
Guides.  Certain aspects of the WECC standards are either more stringent or more specific than 
the NERC standards.

The NERC standards and associated Table I are applicable to all systems, without distinction 
between internal and external systems.  Unless otherwise stated, WECC standards and the 
associated WECC Disturbance-Performance Table of Allowable Effects on Other Systems are 
not applicable to internal systems.

It is intended that the WECC standards be periodically reviewed by the Reliability Subcommittee 
as experience indicates, in accordance with WECC’s Process for Developing and Approving 
WECC Standards.

Foreword 

NERC Planning Standards

NERC Policies Standards Principles
Guides Standards

Measurements
Standards Guides

NERC Planning Standards

Standards
NERC Planning Standards

Background

Future Course of NERC
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NERC/WECC Planning Standards 
Introduction

NERC Planning Standards
Measurements

Definition of Bulk Electric System

NERC Planning Standards, Measurements, and Guides

Planning
Standards

Planning Standards

“The bulk electric system is a term commonly applied to that portion of an 
electric utility system, which encompasses the electrical generation resources, 
transmission lines, interconnections with neighboring systems, and associated 
equipment, generally operated at voltages of 100 kV or higher.”

Transmission Transfer Capability

Compliance With NERC Planning Standards

NERC
Planning Standards



NERC/WECC Planning Standards 
I.  System Adequacy and Security Discussion

Deliver Electric Power to Areas of Customer Demand

Provide Flexibility for Changing System Conditions

Reduce Installed Generating Capacity

Allow Economic Exchange of Electric Power Among Systems
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NERC Planning Standards, Measurements, and Guides



NERC/WECC Planning Standards 
I.  System Adequacy and Security A.  Transmission Systems

Introduction

Standards

S1. The interconnected transmission systems shall be planned, designed, and constructed 
such that with all transmission facilities in service and with normal (pre-contingency) 
operating procedures in effect, the network can deliver generator unit output to meet 
projected customer demands and projected firm (non-recallable reserved) 
transmission services, at all demand levels over the range of forecast system demands, 
under the conditions defined in Category A of Table I (attached). 

Transmission system capability and configuration, reactive power resources, 
protection systems, and control devices shall be adequate to ensure the system 
performance prescribed in Table I. 

S2. The interconnected transmission systems shall be planned, designed, and constructed 
such that the network can be operated to supply projected customer demands and 
projected firm (non-recallable reserved) transmission services, at all demand levels, 
under the conditions of the contingencies as defined in Category B of Table I 
(attached).
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I.  System Adequacy and Security A.  Transmission Systems

Transmission system capability and configuration, reactive power resources, 
protection systems, and control devices shall be adequate to ensure the system 
performance prescribed in Table I. 

The transmission systems also shall be capable of accommodating planned bulk 
electric equipment outages and continuing to operate within thermal, voltage, and 
stability limits under the contingency conditions as defined in Category B of Table I 
(attached).

S3. The interconnected transmission systems shall be planned, designed, and constructed 
such that the network can be operated to supply projected customer demands and 
projected firm (non-recallable reserved) transmission services, at all demand levels 
over the range of forecast system demands, under the conditions of the contingencies 
as defined in Category C of Table I (attached).  The controlled interruption of 
customer demand, the planned removal of generators, or the curtailment of firm 
(non-recallable reserved) power transfers may be necessary to meet this standard. 

Transmission system capability and configuration, reactive power resources, 
protection systems, and control devices shall be adequate to ensure the system 
performance prescribed in Table I. 

The transmission systems also shall be capable of accommodating planned bulk 
electric equipment outages and continuing to operate within thermal, voltage, and 
stability limits under the conditions of the contingencies as defined in Category C of 
Table I (attached). 

S4. The interconnected transmission systems shall be evaluated for the risks and 
consequences of a number of each of the extreme contingencies that are listed under 
Category D of Table I (attached).

WECC-S1 In addition to NERC Table I, WECC Member Systems shall comply with the 
WECC Disturbance-Performance Table of Allowable Effects on Other Systems 
contained in this section when planning the Western Interconnection.  The 
WECC Disturbance-Performance Table does not apply internal to a WECC 
Member System.

WECC-S2 The NERC Category C.5 initiating event of a non-three phase fault with normal 
clearing shall also apply to the common mode contingency of two adjacent 
circuits on separate towers unless the event frequency is determined to be less 
than one in thirty years.

WECC-S3 The common mode simultaneous outage of two generator units connected to 
the same switchyard, not addressed by the initiating events in NERC 
Category C, shall not result in cascading.
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WECC-S4 The loss of multiple bus sections as a result of a failure or delayed clearing of a 
bus tie or bus sectionalizing breaker shall meet the performance specified for 
Category D of the WECC Disturbance-Performance Table.

WECC-S5 For contingencies involving existing or planned facilities, the Table W-1 
performance category can be adjusted based on actual or expected performance 
(e.g. event outage frequency and consideration of impact) after going through 
the WECC Phase I Probabilistic Based Reliability Criteria (PBRC) 
Performance Category Evaluation (PCE) Process.

WECC-S6 Any contingency adjusted to Category D must not result in a cascading outage 
unless the MTBF is greater than 300 years (frequency less than 0.0033 
outages/year) or the initiating disturbances and corresponding impacts are 
confined to either a radial system or a local network. 

WECC-S7 For any event that has actually resulted in cascading, action must be taken so 
that future occurrences of the event will not result in cascading, or it must go 
through the PBRC process and demonstrate that the MTBF is greater than 300 
years (frequency less than 0.0033 outages/year). 

WECC-S8 The WECC Planning Standards require systems to meet the same performance 
category for unsuccessful reclosing as that required for the initiating 
disturbance without reclosing.

WECC-S9 To the extent permitted by NERC Planning Standards, individual systems or a 
group of systems may apply standards that differ from the WECC specific 
standards in Table W-1 for internal impacts.  If the individual standards are 
less stringent, other systems are permitted to have the same impact on that part 
of the individual system for the same category of disturbance.  If these 
standards are more stringent, these standards may not be imposed on other 
systems.  This does not relieve the system or group of systems from WECC 
standards for impacts on other systems.
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WECC DISTURBANCE-PERFORMANCE TABLE 
OF ALLOWABLE EFFECTS ON OTHER SYSTEMS 

25%
30%

20% for more 
than 20 cycles

59.6  5% 

30%

20% for more 
than 40 cycles

59.0  10% 

Notes:

1. The WECC Disturbance-Performance Table applies equally to either a system with all 
elements in service, or a system with one element removed and the system adjusted.

2. As an example in applying the WECC Disturbance-Performance Table, a Category B 
disturbance in one system shall not cause a transient voltage dip in another system that is 
greater than 20% for more than 20 cycles at load buses, or exceed 25% at load buses or 
30% at non-load buses at any time other than during the fault.

3. Additional voltage requirements associated with voltage stability are specified in Standard I-
D.  If it can be demonstrated that post transient voltage deviations that are less than the 
values in the table will result in voltage instability, the system in which the disturbance 
originated and the affected system(s) should cooperate in mutually resolving the problem.   

Table W-1
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4. Refer to Figure W-1 for voltage performance parameters.

5. Load buses include generating unit auxiliary loads.

6. To reach the frequency categories shown in the WECC Disturbance-Performance Table for 
Category C disturbances, it is presumed that some planned and controlled islanding has 
occurred.  Underfrequency load shedding is expected to arrest this frequency decline and 
assure continued operation within the resulting islands.

7. For simulation test cases, the interconnected transmission system steady state loading 
conditions prior to a disturbance should be appropriate to the case.  Disturbances should be 
simulated at locations on the system that result in maximum stress on other systems.  Relay 
action, fault clearing time, and reclosing practice should be represented in simulations 
according to the planning and operation of the actual or planned systems.  When simulating 
post transient conditions, actions are limited to automatic devices and no manual action is to 
be assumed.

Figure W-1



NERC/WECC Planning Standards 
I.  System Adequacy and Security A.  Transmission Systems

Measurements

Assessment Requirements 
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Corrective Plan Requirements 

Reporting Requirements 

Assessment Requirements 
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Corrective Plan Requirements 

Reporting Requirements 

Assessment Requirements
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Corrective Plan Requirements 

Reporting Requirements 

Assessment Requirements 
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Corrective Plan Requirements 

Reporting Requirements 
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Guides



NERC/WECC Planning Standards 
I.  System Adequacy and Security A.  Transmission Systems

WECC-G1 The contingencies specified for each Category in the NERC table and the 
outage frequency range provided in the WECC table provide a basis for 
estimating performance categories for disturbances that are not in the NERC 
Table or for disturbances that have sufficient data available to estimate their 
probability of occurrence. 

WECC-G2 Each system should provide sufficient transmission capacity within its system to 
serve its load and meet its transmission obligations to others without unduly 
relying on or without imposing an undue degradation of reliability on any other 
system, unless pursuant to prior agreement with the system(s) so affected.  Each 
system should provide sufficient transmission capacity, by ownership or 
agreement, for scheduling power transfers between its system and any other 
system.  In transferring such power there should be no undue degradation of 
reliability on any system not a party to the transfer.

WECC-G3 Each system should plan its system with adequate transfer capability so that its 
power transfers will not have an undue loop flow impact on other systems, and 
so that planned schedules do not depend on opposing loop flow to keep actual 
flows within the path transfer capability.  A system adding facilities should 
recognize that the addition itself could result in a component of loop flow that 
should be accommodated.  Loop flow is an inherent characteristic of 
interconnected AC transmission systems and the mere presence of loop flow on 
circuits other than those of the transfer path is not necessarily an indication of 
a problem in planning or in scheduling practices.

WECC-G4 An initiating event of a three phase fault may be used for screening 
contingencies of two adjacent circuits.  However, the required performance will 
be as specified in Table I for category C5 (Non three phase fault with Normal 
Clearing: Double Circuit Tower-line) events.  Simulations meeting the criteria 
with a three-phase fault may be assumed to meet the criteria with a non-three 
phase fault and normal clearing.

WECC-G5 Considerations in determining the probability of occurrence of an outage of two 
adjacent circuits on separate towers should include line design; length; 
location, environmental factors; outage history; operational guidelines; and 
separation between circuits.
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TERMS USED IN THE WECC PLANNING STANDARDS

Post Transient Voltage Deviation 

In the context of these Planning Standards, post transient voltage deviation refers to “voltage 
drop” not “voltage rise,” and the post-transient time frame is considered to be one to three 
minutes after a system disturbance occurs. This allows available automatic voltage support 
measures to take place, but does not allow the effects of operator manual actions or Area 
Generation Control response. The recommended simulation is a post transient power flow that 
simulates all automatic action but not manual actions and not area interchange control. The 
post transient voltage deviation standards do not fully identify all potential voltage collapse 
problems. Voltage collapse standards are discussed in greater depth in Standard I D.
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Table I.  Transmission Systems Standards — Normal and Contingency Conditions
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Footnotes to Table I. 



NERC/WECC Planning Standards 
I.  System Adequacy and Security  B.  Reliability Assessment 

Introduction

NERC Planning Standards

Standards

S1. The overall reliability (adequacy and security) of the Regions’ interconnected bulk 
electric systems, both existing and as planned, shall comply with the NERC 
Planning Standards and each Region's respective Regional planning criteria. 

Measurements
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I.  System Adequacy and Security C.  Facility Connection Requirements

Introduction

Standards

S1. Facility connection requirements shall be documented, maintained, and published by 
voltage class, capacity, and other characteristics that are applicable to generation, 
transmission, and electricity end-user facilities which are connected to, or being 
planned to be connected to, the bulk interconnected transmission systems.

S2. Generation, transmission, and electricity end-user facilities, and their modifications, 
shall be planned and integrated into the interconnected transmission systems in 
compliance with NERC Planning Standards, applicable Regional, subregional, power 
pool, and individual system planning criteria and facility connection requirements.

Measurements

NERC Planning Standards
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NERC Planning Standards
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Guides
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I.  System Adequacy and Security D.  Voltage Support 

and Reactive Power

Introduction

Standard

S1. Reactive power resources, with a balance between static and dynamic characteristics, 
shall be planned and distributed throughout the interconnected transmission systems 
to ensure system performance as defined in Categories A, B, and C of Table I in the 
I.A. Standards on Transmission Systems.

WECC-S1 For transfer paths, post-transient voltage stability is required with the path 
modeled at a minimum of 105% of the path rating (or Operational Transfer 
Capability) for system normal conditions (Category A) and for single 
contingencies (Category B).  For multiple contingencies (Category C), post-
transient voltage stability is required with the path modeled at a minimum of 
102.5% of the path rating (or Operational Transfer Capability).   

WECC-S2 For load areas, post-transient voltage stability is required for the area modeled 
at a minimum of 105% of the reference load level for system normal conditions 
(Category A) and for single contingencies (Category B).  For multiple 
contingencies (Category C), post-transient voltage stability is required with the 
area modeled at a minimum of 102.5% of the reference load level.  For this 
standard, the reference load level is the maximum established planned load 
limit for the area under study.
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and Reactive Power

WECC-S3 Specific requirements that exceed the minimums specified in I.D WECC-S1 and 
S2 may be established, to be adhered to by others, provided that technical 
justification has been approved by the Planning Coordination Committee of the 
WECC.

WECC-S4 These Standards apply to internal WECC Member Systems as well as between 
WECC Member Systems.

Measurements

Guides
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and Reactive Power

WECC-G1 Each system should plan and provide, by ownership or agreement, sufficient 
reactive power capacity and voltage control facilities to satisfy the requirements 
of its own system

WECC-G2 Reactive Power Margin Requirements:  The development of “Reactive Power 
Margin Requirements” based on the V-Q methodology developed by TSS (e.g., 
400 MVAR at a particular bus) provides one alternate way to screen cases and 
determine whether or not they likely meet this criteria.  The “Reactive Power 
Margin Requirement” is a proxy for Standards I.D WECC-S1 through
WECC-S3.

WECC-G3 Identification of Critical Conditions:  It may be necessary to study a variety of 
load, transfer, and generation patterns to identify the most critical set of system 
conditions.  For example, various conditions should be considered, such as: 
peak load conditions with maximum imports, low load conditions with 
minimum generation, and maximum interface flow conditions with worst case 
load conditions.

WECC-G4 When developing the 105% and 102.5% load or transfer cases to demonstrate 
conformance with I.D WECC-S1, S2, and S3, conformance with the 
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and Reactive Power

performance requirement (e.g., facility thermal loading limits) identified in 
Section I.A is not required.

WECC-G5 Load Voltage Response Assumption:  Loads and distribution regulating devices 
in the study area should be modeled as detailed as is practical.  If detailed load 
models cannot be estimated, the loads can be represented as constant MVA in 
long-term (post transient) voltage stability study; this representation 
approximates the effect of voltage regulation by LTC bulk power delivery 
transformers and distribution voltage regulators.  For short-term (transient) 
voltage stability and dynamic simulation, dynamic modeling of induction 
motors is recommended.

WECC-G6 Load Shedding:  Controlled load interruption, as allowed in Table I of the 
NERC/WECC Planning Standards, is allowed to meet these standards.

WECC-G7 Automatic Switching:  Planned operation of automatic switching (distribution 
voltage regulators, switched static devices, etc.) may be modeled to meet these 
standards.

WECC-G8 Voltage magnitudes alone are poor indicators of voltage stability or security 
because the system may be near collapse even if voltages are near normal 
depending on the system characteristics.  The system should be planned so that 
there is sufficient margin between normal operating point and the collapse 
point to allow for reliable system operation.

WECC-G9 In assessing the requirements under WECC-S3, relevant system variations and 
uncertainties should be considered.  Types of analysis that may be used include 
P-V, V-Q, and dynamic studies.

WECC-G10 Voltage stability analysis and the evaluation of balance between dynamic and 
static reactive power resources may be performed using the methodologies 
adopted by TSS.
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1. Total and Available Transfer Capabilities 

Introduction  Total and Available Transfer Capabilities

NERC Planning Standards

Standards

S1. Each Region shall develop a methodology for calculating Total Transfer Capability 
(TTC) and Available Transfer Capability (ATC) that shall comply with the above 
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1. Total and Available Transfer Capabilities 

NERC definitions for TTC and ATC, the NERC Planning Standards, and 
applicable Regional criteria.

 Each Regional TTC and ATC methodology and the resulting TTC and ATC values 
shall be available to transmission users in the electricity market. 

Measurements
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1. Total and Available Transfer Capabilities 

Guides
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2.  Transfer Capability Margins 

Introduction  —  Transfer Capability Margins 
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2.  Transfer Capability Margins 

Standards

S1 Each Region shall develop a methodology for calculating Capacity Benefit 
Margin (CBM) that shall comply with the above NERC definition for CBM 
and applicable Regional criteria.

 Each Regional CBM methodology and the resulting CBM values shall be 
available to transmission users in the electricity market. 

S2. Each Region shall develop a methodology for calculating Transmission 
Reliability Margin (TRM) that shall comply with the above NERC definition 
for TRM and applicable Regional criteria. 

 Each Regional TRM methodology and the resulting TRM values shall be 
available to transmission users in the electricity market. 

Measurements
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2.  Transfer Capability Margins 
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2.  Transfer Capability Margins 
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2.  Transfer Capability Margins 
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2.  Transfer Capability Margins 
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Introduction

Standards

S1. Requirements shall be established on a Regional basis for the installation of 
disturbance monitoring equipment (e.g., sequence-of-event, fault recording, and 
dynamic disturbance recording equipment) that is necessary to ensure data is 
available to determine system performance and the causes of system disturbances.

S2. Requirements for providing disturbance monitoring data for the purpose of 
developing, maintaining, and updating transmission system models shall be 
established on a Regional basis.

Measurements
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Introduction

Standard

S1. Electric system data required for the analysis of the reliability of the interconnected 
transmission systems shall be developed and maintained.

Measurements
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IEEE Guide for Synchronous Generator 
Modeling Practices in Stability Analysis 

IEEE Recommended Practice for Excitation System Models for 
Power System Stability Studies 

IEEE Transactions on Energy Conversion, Vol. 11., No. 3, 
September 1996

IEEE Transactions on Power Apparatus and Systems, 
Nov./Dec 1973

IEEE Transactions on Power Systems, Vol.6, No. 2, May 1991

IEEE Transactions on Power Apparatus and Systems, 
Nov./Dec. 1973, 

IEEE Transactions on Power Systems, Vol.7., No. 1, 
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February 1992

IEEE Transactions on Power Systems, Vol.9., No. 
3, August 1994
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Introduction

Standard

S1. Generation equipment shall be tested to verify that data submitted for steady-
state and dynamics modeling in planning and operating studies is consistent 
with the actual physical characteristics of the equipment.  The data to be 
verified and provided shall include generator gross and net dependable 
capability, gross and net reactive power capability, voltage regulator controls, 
speed/load governor controls, and excitation systems. 

Measurements
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Introduction

Standard

S1. Electrical facilities used in the transmission, and storage of electricity shall be rated in 
compliance with applicable Regional, subregional, power pool, and individual 
transmission provider/owner planning criteria. 

Measurements
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s
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Introduction

Standards

S1. Actual demands and net energy for load data shall be provided on an aggregated 
Regional, subregional, power pool, individual system, or load serving entity basis.  
Actual demand data on a dispersed substation basis shall be supplied when requested. 

Forecast demands and net energy for load data shall be developed and maintained on 
an aggregated Regional, subregional, power pool, individual system, or load serving 
entity basis. Forecast demand data shall also be developed on a dispersed substation 
basis.

S2. Controllable demand-side management (interruptible demands and direct control 
load management) programs and data shall be identified and documented. 

Measurements
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 (Dynamic)

Introduction

Standard

S1. Representative frequency and voltage characteristics of customer demands (real and 
reactive power) required for the analysis of the reliability of the interconnected 
transmission systems shall be developed and maintained.

Measurements
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III.  System Protection and Control A.  Transmission Protection 

 Systems

Introduction

Standards

S1. Transmission protection systems shall be provided to ensure the system performance 
requirements as defined in the I.A. Standards on Transmission Systems and 
associated Table I. 

S2. Transmission protection systems shall provide redundancy such that no single 
protection system component failure would prevent the interconnected transmission 
systems from meeting the system performance requirements of the I.A. Standards on 
Transmission Systems and associated Table I. 

S3. All transmission protection system misoperations shall be analyzed for cause and 
corrective action.

S4. Transmission protection system maintenance and testing programs shall be developed 
and implemented. 

Measurements
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Introduction

Standard

S1. Transmission control devices shall be planned and designed to meet the system 
performance requirements as defined in the I.A. Standards of the Transmission 
Systems and associated Table I.  These devices shall be coordinated with other control 
devices within a Region and, where appropriate, with neighboring Regions.

Measurements
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 Protection

Introduction

Standards

S1. All synchronous generators connected to the interconnected transmission systems 
shall be operated with their excitation system in the automatic voltage control mode 
unless approved otherwise by the transmission system operator.

S2. Generators shall maintain a network voltage or reactive power output as required by 
the transmission system operator within the reactive capability of the units.  
Generator step-up and auxiliary transformers shall have their tap settings 
coordinated with electric system voltage requirements.

S3. Temporary excursions in voltage, frequency, and real and reactive power output that 
a generator shall be able to sustain shall be defined and coordinated on a Regional 
basis.

S4. Voltage regulator controls and limit functions (such as over and under excitation and 
volts/hertz limiters) shall coordinate with the generator’s short duration capabilities 
and protective relays.

S5. Prime mover control (governors) shall operate with appropriate speed/load 
characteristics to regulate frequency.

S6. All generation protection system trip misoperations shall be analyzed for cause and 
corrective action. 
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 Protection

S7. Generation protection system maintenance and testing programs shall be developed 
and implemented.

Measurements
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Introduction

Standards

S1. A Regional UFLS program shall be planned and implemented in coordination with 
other UFLS programs, if any, within the Region and, where appropriate, with 
neighboring Regions. The Regional UFLS program shall be coordinated with 
generation control and protection systems, undervoltage and other load shedding 
programs, Regional load restoration programs, and transmission protection and 
control systems. 

Measurements
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Introduction

Standards

S1. Automatic undervoltage load shedding (UVLS) programs shall be planned and 
implemented in coordination with other UVLS programs in the Region and, where 
appropriate, with neighboring Regions. 

S2. All UVLS programs shall be coordinated with generation control and protection 
systems, underfrequency load shedding programs, Regional load restoration 
programs, and transmission protection and control programs.

Measurements
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Introduction

NERC
Planning Standards

Standards

S1. An SPS shall be designed so that a single SPS component failure, when the SPS was 
intended to operate, does not prevent the interconnected transmission system from 
meeting the performance requirements defined under Categories A, B, or C of Table 
1 of the I.A Standards on Transmission Systems.

S2. The inadvertent operation of an SPS shall meet the same performance requirement 
(Category A, B, or C of Table I of the I.A. Standards on Transmission Systems) as 
that required of the contingency for which it was designed, and shall not exceed 
Category C.

S3. SPS installations shall be coordinated with other protection and control systems. 

S4. All SPS misoperations shall be analyzed for cause and corrective action.  

S5. SPS maintenance and testing programs shall be developed and implemented. 

Measurements
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IV.  System Restoration A.  System Blackstart Capability

Introduction

Standards

S1. A coordinated system blackstart capability plan shall be established, maintained, and 
verified through analysis indicating how system blackstart generating units will 
perform their intended functions as required in system restoration plans.  Such 
blackstart capability plans shall include coordination within and among Regions as 
appropriate.

S2. Each blackstart generating unit shall be tested to verify that it can be started and 
operated without being connected to the system.

Measurements
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IV. System Restoration B. Automatic Restoration of Load

Introduction

Standard

S1. Automatic load restoration programs shall be coordinated and in compliance with 
Regional load restoration programs.  These automatic load restoration programs 
shall be designed to avoid recreating electric system underfrequencies or 
undervoltages, overloading transmission facilities, or delaying the restoration of 
system facilities and interconnection tie lines to neighboring systems.

Measurements



NERC/WECC Planning Standards 
IV. System Restoration B. Automatic Restoration of Load

Guides



NERC/WECC Planning Standards 
References

NERC Planning Standards

NERC Planning Standards

NERC Planning Standards

I.E    Transfer Capability

Transmission Transfer 
Capability

Available Transfer 
Capability Definitions and Determination

II.A  System Data

NERC Multregional Modeling Working 
Group Procedural Manual

 System Dynamics Database 
Working Group Procedural Manual

Instructions for 
Electronic Reporting of Regional Electricity Supply & Demand Projections

III.B  Transmission Control Devices 



III.C  Generation Control and Protection

Power System Stability and Control

IEEE Guide for Synchronous Generator Modeling Practices in Stability Analysis

IEEE Guide for Identification, Testing and Evaluation of the Dynamic Performance of 
Excitation Control Systems

IEEE Recommended Practice for Excitation System Models for Power System Stability 
Studies

IEEE Transactions on Energy Conversion

IEEE Transactions on Energy Conversion

IEEE Transactions on Energy Conversion

IEEE Transactions on Energy Conversion

IEEE
Transactions on Power Apparatus and Systems

IEEE Transactions on Power Apparatus and 
Systems



American National Standard for Rotating Electrical Machinery - Cylindrical-Rotor 
Synchronous Generators

IEEE Recommended Practice for Functional and Performance 
Characteristics of Control System for Steam Turbine-Generator Units

Impacts of Governor Response Changes on the Security of 
North American Interconnections

IEEE Transactions on Power Apparatus 
and Systems

Proceedings of American Power Conference

IEEE Transactions on Power Delivery

IEEE Transactions on Power Delivery

IEEE
Transactions on Power Systems

IEEE Guide for Transformers Directly Connected 
to Generators

Criteria and Countermeasures for Voltage Collapse

 IEEE Guide for Abnormal Frequency 
Protection for Power Generating Plants

IEEE Guide for AC Generator Protection



III.D  Underfrequency Load Shedding

III.E  Undervoltage Load Shedding

III.F  Special Protection Systems


